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It is well known that incidence of type 2 diabetes mellitus has been growing all over the world and in Hungary as well. Mortality and morbidity of diabetic people are nearly four times higher compared to the general population. The frequency of hypertension is increasing in patients with type 2 diabetes mellitus. In the Framingham study, hypertension occurred 1.5-fold more frequently in diabetic patients than nondiabetic subjects.\[[@ref1]\] In addition, according to the data of the Hungarian Hypertension Register, 80% of patients with type 2 diabetes mellitus have high blood pressure (BP).\[[@ref2][@ref3]\] In the UK Prospective Diabetes Study, effects of strict and less strict BP control have been examined in patients with type 2 diabetes during a median 8.4-year follow-up.\[[@ref4]\] Mean BP during follow-up was significantly reduced in the group assigned tight BP control (144/82 mmHg; 1 mmHg = 0.133 KPa) compared with the group assigned to less tight control (154/87 mmHg; *P* = 0.000). Reductions in risk in the group assigned to tight control compared with that assigned to less tight control were 24% in diabetes-related end points, 32% in deaths related to diabetes, 44% in strokes, and 37% in microvascular end points. As the important findings of this study, approximately one-third of the patients in the group assigned to tight control required three or more medicines to lower BP to achieve BP control.

The most recent guidelines of the European Society of Hypertension/European Society of Cardiology (ESH/ESC) and the Hungarian Hypertension Society recommended a target BP levels of below 140/85 mmHg.\[[@ref5]\] According to the guidelines, pharmacotherapy of diabetic patients with untreated hypertension should be started with a combination of two medicines at once, using medicines with 24-h long effect daily. The single daily dosage has a beneficial effect on patient adherence, and at the same time, it reduces the fluctuation of BP. The effect is even more preferential if the medicines with 24-h long effect are administered in fixed combinations.\[[@ref5]\]

In the subgroup of diabetic patients participating in the Heart Outcomes Prevention Evaluation (HOPE) study (MICRO-HOPE), the reduction in the risk of cardiovascular (CV) events has proven to be more explicit, as the cumulated primary CV endpoints decreased by 25%.\[[@ref6]\] This included 22% less myocardial infarction and 33% less stroke. Moreover, the incidence of microvascular complications in diabetic patients showed a significant decrease, as nephropathy occurred 24% less frequently, while the incidence of retinopathy requiring laser therapy was reduced by 22%. The incidence of combined microvascular events (nephropathy, dialysis, and laser therapy) decreased by 16%.

The combination of angiotensin-converting enzyme inhibitors (ACEIs) and calcium channel blockers (CCBs) can influence the renin-angiotensin-aldosterone system (RAAS) and the increased vascular resistance concomitantly and has been successfully used in the antihypertensive therapy for many years. CCBs also exert a mild diuretic effect, increasing the activities of both sympathetic nervous system and RAAS, but ACEIs decrease these effects, therefore, they can complement each other. ACEIs can reduce crural edema caused by the dihydropyridine-type CCBs. Metabolic and central nervous system adverse effects are not observed during the use of either drug.\[[@ref7][@ref8]\]

In the Hungarian RAMONA trial,\[[@ref9]\] the efficacy and safety of fixed-dose combinations including various doses of ramipril and amlodipine have been studied in pretreated hypertensive patients (*n* = 6423) who had mild--moderate hypertension and did not achieve target BP despite previous antihypertensive therapy. In this open-label, prospective trial, the mean BP (initially observed as 157/91 mmHg) decreased by 26.4/11.8 mmHg at the end of the study. Under the treatment with the fixed dose combination of ramipril/amlodipine, 52.4% of the patients attained target BP. Considering that diabetes mellitus is associated with high CV risk, an effective and metabolically neutral BP control is particularly important in this group of patients. This study was to primarily evaluate the efficacy of fixed dose combination of ramipril/amlodipine (Egiramlon^®^) therapy during the 4-month treatment in hypertensive diabetic patients who failed to achieve their predetermined target BP despite the previous antihypertensive therapy, and this study also assessed tolerability and how metabolic parameters were influenced by fix dose combination of ramipril/amlodipine.

M[ETHODS]{.smallcaps} {#sec1-2}
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Study population and data collection {#sec2-1}
------------------------------------

The RAMONA study was a Phase IV, prospective, observational, open-label clinical study, and aimed to monitor the effectiveness and safety of the fixed dose combination of ramipril and amlodipine in patients suffering from mild or moderate hypertension despite previous antihypertensive treatment (registration numbers: TUKEB No: 16927-1/2012/EKU (294/PI/12)).\[[@ref9]\]

Based on the results of this RAMONA study, we analyzed the data of hypertensive diabetic patients older than 18 years, with mild-to-moderate hypertension, who were enrolled into the RAMONA trial and had failed to reach their target BP during measurements at the outpatient clinics while on their previous antihypertensive therapy. According to the most recent ESH/ESC guidelines, the target BP for hypertensive diabetic patients is \<140/85 mmHg.

Exclusion criteria were as follow: patients who did not sign the informed consent, poor adherence, known hypersensitivity to calcium channel antagonists and/or ACEIs, secondary hypertension, pregnancy, neoplastic disease with short life expectancy, poorly controlled diabetes, severe cardiac defect, laboratory abnormities determined as clinical significant by the investigator, particularly hyperkalemia, as well as the other known contraindications to ramipril or amlodipine therapy.

This study was performed in accordance with the ethical standards described in the *Declaration of Helsinki* and was approved by the appropriate ethics committee (ETT-TUKEB-NIT approval number: 16927-1/2012/EKU \[294/PI/12\]). All patients provided written informed consent before enrollment in this study.

Blood pressure measurements and laboratory tests {#sec2-2}
------------------------------------------------

During the 4 months of observation, the patients took part in three visits (1^st^ day = visit 1, 1^st^ month = visit 2, and 4^th^ month = visit 3), and BP was measured in all three visits with validated sphygmomanometers by taking two readings at 2-min interval in each case. Each patient received one of four fixed dose combinations (5/5, 5/10, 10/5, or 10/10 mg) determined by their attending physician based on BP levels, and the possibly dose titrations could be required for the patients based on the decision of their attending physician.

Laboratory tests including full blood count, renal function test, electrolytes, blood glucose, serum cholesterol, uric acid, triglycerides, liver function test, creatinine kinase, and midstream urinalysis were performed in the fasting state at visit 1 and visit 3.

Statistical analysis {#sec2-3}
--------------------

Baseline characteristics were shown as mean ± standard deviations (SD) for continuous variables and numbers (percentages) for categorical variables. Web2 Research Kft. (Budapest, Hungary), an independent statistics company, analyzed all study data using SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA). A *P* \< 0.05 was considered statistically significant.
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Baseline characteristics {#sec2-4}
------------------------

A total of 9169 patients were enrolled into the RAMONA study, and 6423 patients completed this study. Of these 6423 patients, 1276 (19.9%) patients were diabetic. Mean age of the diabetic patients was 64.2 ± 10.0 years, 707 (55.4%) were males, and 569 (44.6%) were females. Their body mass index (BMI) was 30.1 ± 5.1 kg/m^2^, while their BP was 157.5/91.3 ± 9.6/7.6 mmHg prior to their enrollment into the study. Hypertension had existed for 12.7 ± 8.4 years. At the enrollment, 514 (40.3%) hypertensive diabetic patients belonged to the mild hypertension, and 762 (59.7%) to moderate hypertension.

Among these 1276 diabetic patients, 1255 (98.4%) had risk factors for CV diseases. Dyslipidemia was the most common risk factor found in 1077 (84.4%) of patients, other factors included age (male \>55 years, female \>65 years) in 826 (64.7%), obesity (BMI ≥30 kg/m^2^) in 586 (45.9%), smoking in 298 (23.4%), family history (early acute myocardial infarction) in 277 (21.7%), and hyperuricemia in 269 (21.1%) of patients. Target organ lesions were present in 622 (48.7%) of patients, with left ventricular hypertrophy in 415 (32.5%), arterial carotid plaque in 285 (22.3%), elevated serum creatinine level in 71 (5.6%), microalbuminuria in 117 (9.2%), and glomerular filtration rate \<60 ml·min^−1^·1.73 m^−2^ in 106 (8.3%) of patients. The majority of hypertensive diabetic patients had target organ damage at the beginning of the study.

Effects of fixed dose combination of ramipril/amlodipine {#sec2-5}
--------------------------------------------------------

Target BP was achieved by 891 (69.8%) of patients (primary endpoint) at the 4^th^ month of the study (visit 3). A great number of patients took various antihypertensive medications (e.g., β-blockers \[BB\], calcium-channel blockers, diuretics, etc.) and antihyperlipidemic agents (e.g., statins) at baseline \[[Table 1](#T1){ref-type="table"}\]. The attending physicians chose the preferable dose of ramipril/amlodipine fixed dose combination according to BP levels of the patients measured on each visit. The consequently applied doses are specified in [Table 2](#T2){ref-type="table"}.

###### 

The baseline antihypertensive and lipid-lowering therapies in hypertensive diabetic patients of this study (*n* = 1276)

  Medicines                 Number (%)
  ------------------------- ------------
  Beta-blockers             757 (59.3)
  Diuretics                 409 (31.3)
  ARBs                      156 (12.2)
  ACE inhibitors            798 (36.2)
  Alfa1-agonists            98 (7.7)
  CCBs                      588 (46.1)
  Centrally acting agents   111 (6.6)

ARBs: Angiotensin-receptor blockers; ACE: Angiotensin-converting enzyme; CCBs: Calcium Channel blockers.

###### 

The consequently applied doses of ramipril/amlodipine fixed combination at each visit (*n* = 1276), *n* (%)

  Doses of ramipril/amlodipine fixed combination   Visit 1      Visit 2      Visit 3
  ------------------------------------------------ ------------ ------------ ------------
  5/5 mg                                           502 (39.3)   372 (29.2)   358 (28.1)
  5/10 mg                                          72 (5.6)     67 (5.3)     66 (5.2)
  10/5 mg                                          338 (26.5)   381 (29.9)   374 (29.3)
  10/10 mg                                         364 (28.5)   456 (35.7)   478 (37.5)

The BP significantly decreased from 157.5/91.3 ± 9.6/7.6 mmHg (visit 1) to 130.9/79.6 ± 7.4/5.9 mmHg, with significant decreasing by 16.6/12.3% (visit 3; *P* = 0.000). At visit 2 and visit 3, 32.3% and 69.8% of the patients reached target BP, respectively, (*P* = 0.000) the rate of reaching the target BP was dose-dependent. At visit 3, 24.1% of patients who received 10/10 mg, 21.8% of those who received 5/5 mg, 20.5% of those who received 10/5 mg, and 1.8% of those who received 5/10 mg reached target BP \[[Table 3](#T3){ref-type="table"}\]. Reduction of BP was accompanied by changes in heart rate. Heart rate decreased from 78.0 ± 8.5/min (visit 1) to 72.9 ± 6.0/min (visit 3), with significant decreasing by 5.1 ± 7.5/min (*P* = 0.000).

###### 

The doses of ramipril/amlodipine fixed combination in patients reached target blood pressure at visits 2 and 3 (*n* = 1276), *n* (%)

  Items       Visit 2      Visit 3      *P*
  ----------- ------------ ------------ -------
  All doses   412 (32.3)   891 (69.8)   0.000
  5/5 mg      150 (11.8)   278 (21.8)   0.000
  5/10 mg     23 (1.8)     44 (3.4)     0.000
  10/5 mg     120 (9.4)    261 (20.5)   0.000
  10/10 mg    119 (9.3)    308 (24.1)   0.000

As for the secondary endpoint of this study, we assessed the safety and metabolic effects of fixed dose combination of ramipril/amlodipine on the subgroup of diabetic patients. Regarding the lipid status, total cholesterol decreased from 5.50 ± 1.13 mmol/L (visit 1) to 5.20 ± 0.95 mmol/L (visit 3; *P* = 0.000), low-density lipoprotein cholesterol decreased from 3.20 ± 0.93 mmol/L (visit 1) to 3.00 ± 0.77 mmol/L (visit 3; *P* = 0.000), triglycerides decreased from 2.20 ± 1.14 mmol/L (visit 1) to 2.00 ± 1.97 mmol/L (visit 3; *P* = 0.000), while high-density lipoprotein cholesterol increased from 1.30 ± 0.42 mmol/L (visit 1) to 1.35 ± 0.30 mmol/L (visit 3; *P* = 0.001). As for the carbohydrate metabolism, we found that the fasting blood glucose decreased from 7.20 ± 1.88 mmol/L (visit 1) to 6.70 ± 1.38 mmol/L (visit 3; *P* = 0.000), while HbA1c decreased from 7.90 ± 1.78% (visit 1) to 7.60 ± 1.83% (visit 3; *P* = 0.000). Examining other laboratory parameters, no considerable changes were observed. The various doses of ramipril/amlodipine fixed combination were well tolerated by the diabetic patients, and no adverse events had developed.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In this four month, open, prospective, Phase IV observational clinical study, BP in patients with high CV risk factors was significantly improved after 4 months of treatment with ramipril/amlodipine fixed dose combination. In these patients who already received an antihypertensive therapy previously, but failed to attain target BP (\<140/85 mmHg), the treatment switched to fixed dose combination of ramipril/amlodipine led to a mean BP decrease of 26.6/1.7 mmHg and an overall BP control rate of 69.8%. In these hypertensive diabetic patients, a significant reduction of BP was noted one month after switching to fixed dose combination of ramipril/amlodipine. It was very important because one month response rates have been shown to be predictive for a risk of long-term CV events and survival of hypertensive diabetic patients.\[[@ref10]\]

Our data suggested that fixed dose combination of ramipril/amlodipine may have significant long-term benefits on later CV events. The rate of reaching the target BP could be even higher by further adding the doses of the ramipril/amlodipine fixed combination to its maximum (10/10 mg) since only approximately 37.5% of patients have taken maximal dose up to the visit 3. Considering that 84.4% of patients in this study had dyslipidemia, the metabolic effects of ramipril/amlodipine antihypertensive therapy could not be neglected either. All lipid parameters showed a significant improvement until the 4^th^ month of the study (visit 3), which was also particularly important in the antihypertensive therapy of diabetic patients. In addition, preferable changes could be observed in carbohydrate metabolism, as both fasting glucose and HbA1c decreased moderately but significantly. No adverse effects had developed during the 4-month period.

A similar 18-week, prospective, randomized, double-blind study in Brazil was to compare the efficacy and tolerability of an amlodipine/ramipril fixed dose combination.\[[@ref11]\] Patients with stages 1 or 2 essential hypertension were enrolled, and received ramipril/amlodipine 2.5/2.5 mg or amlodipine 2.5 mg, then the doses were titrated, based on BP, to ramipril/amlodipine 5/5 mg then 10/10 mg or amlodipine 5 mg then 10 mg, respectively. In this Brazil study, the mean changes in systolic BP and diastolic BP, as measured using 24-h ambulatory BP monitoring in the physician\'s office, were significantly greater in patients with fixed dose combination of ramipril/amlodipine therapy than patients with monotherapy.

Recent ESC/ESH recommendations have emphasized the importance of inhibiting RAAS activity in the treatment of primary hypertension.\[[@ref6]\] An overactive RAAS activity inhibition may be achieved either with ACEIs or angiotensin-receptor blockers (ARBs). A recent meta-analysis has shown that ACEIs reduced all-cause mortality, CV mortality, and major CV events in patients with diabetes mellitus, whereas ARBs had no benefits on these outcomes. Thus, ACEIs should be considered as the first-line therapy to limit excess mortality and morbidity in this population. ACEIs may be better at reducing the risk of CV and all-cause mortality.\[[@ref12]\] ACEIs combined with CCBs have a synergistic antihypertensive effects, which can offer an added advantage of minimizing adverse effects of individual components (e.g., edema with dihydropyridine CCBs). The Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm showed that an ACEI and CCB combination was more effective in lowering BP and reducing the risk of mortality and major CV events than traditional therapy with a BB -- thiazide combination.\[[@ref13]\]

This study had several limitations. This single-arm, open-label study did not use randomized protocols, and only short-term benefit effects were evaluated. However, our findings did give an evidence of the value of ramipril/amlodipine fixed-dose combination in real-life clinical practice.\[[@ref11]\]

In conclusion, the fixed dose combination of ramipril/amlodipine was effective in hypertensive diabetic patients with high CV risk who failed to reach target BP previously. In addition, it is well tolerated and has been proven to have very preferable metabolic effects.
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